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was postulated as having occurred well 
been domesticated, perhaps as late as 900 
, however, later (Bo) favored the sugges- 


A.l). Reeves, however, 
tion of Stebbins (47) that it might have occurred much 


earlier, ])ossibly at a time when corn and Tripsacum pos¬ 
sessed somewhat the same plant characters as now but 
when they were more interfertile. Mangelsdorf and 
Smith (28) reported archaeological evidence that teosinte 
came into existence not later than oOO R.C. and perhaps 
earlier. 

Both Weatherwax (ol,o2,oB) and Randolj)!! (31, 32) 
raised objections to this part of the theory, objections 
which fall into the following categories: (A) A cross as 
difficult to make as that of corn and Trij)sacum could not 
have occurred in nature. (B) Tripsacum chromosomes 
and genes have a negligible effect when in combination 
with corn germplasm. (C) 'The frecpiencv of interchange 
or crossing over between corn and Tripsacum is not suf¬ 
ficient to give rise to a new intermediate species by intro- 
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<Tression. ( 1 )) 'The iippiirent rcliilionsliip ol‘cliromosonie- 


(.listribiition 


or is not pertinent to the problem. ( K) The ebroniosomal 
ebnraeters ofeorn, teosinte. and 'rripsaeum are not eon- 
sistent with the theory that teosinte originated as a hybrid 
between eorn and 'rripsaeiim. ( F) 'I'bere is no eytolo<^ieal 
meelianism by wliieh tiie terminal knobs of Tripsaeum 
eoidd have assumed the internal |)ositions now found in 
some varieties of teosinte. (Ci) The faet that teosinte is 
intermediate between eorn and 'I'ripsaeum in plant ehar- 
aelers is of minor importanee. 

'riiese objeetions will beeonsidered in the order named, 
with emphasis on reeent results obtained by various in- 
vesti<rators; for eomj)leteness two additional topies will 
be diseussed. 


I’ossiiui.ri'V oi-' Na'I'uuai, HviunmzA’riox ok 

Coax AXi) 'I'aiKSAcrM 

^riie first crosses ofeorn by Tripsaeum, on whieh our 
earlier studies were based, were made only after remov¬ 
ing the shucks of corn and |)runing the silks. Hut we 
have found since 1930, as Uandoh)h also has, that the 


prurrm<j: of the silks, althou<Th probably helplul, is not 
essential to hybridization. 

Since they appear to have been overlooked, we shall 


repeat two 



previousl}' meritioiied 



bv 


which corn might become hybridized naturally with 'I'ri])- 


sacum : (a) the occurrence of ears which protrude licyond 
the shucks, a common character in certain varieties; (b) 
silks exposed to the base through mutilation of the 
shucks bv insects or bv holes bored bv larvae. 


W eatherwax s own publications (.51, 5*2, 53) mention 


or describe at 



tour additional conditions in eorn 


de|)au|)erate plants with terminal pistillate intlorescenecs, 
homozygous pod corn, dowering tillers and his hy|)o- 
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tlietical ancestor of modern corn—in which the silks are 
exposed to pollen for their entire length. Also from 
VVeathcrwax's laboratory has come what is perhaps the 
most significant evidence on this point. Farquharson 
(14) demonstrated that certain varieties of Tripsacum, 
when used as female parents, crossed readily with corn 
without the use of special techniques. She states: “In 
fact, it seems highly j)robable that this cross has occurred 
occasionally in nature." 

Randolph's objection to this part of our theory is based 
on his own ex])eriments in crossing Mexican and Guate¬ 


malan varieties of corn with M 


G 


Iripsacum. Although these experiments may seem to 
have tlie virtue of directness, they are far from critical 
in several respects. The number of ears pollinated, (11*2, 
seems impressive at first glance, but a critical analysis 
suggests that successful crossing on a scale proportional 
to the numbers involved could hardly have been ex¬ 
pected, especially because of the high frequency in tliese 
areas of the Ga gene which produces cross sterilitv. 


These experiments likewise fail to take into account two 
important facts: (a) that the corn and Tripsacum of to¬ 
day is not the same as was that of ancient times; (b) 
that even the modern types of corn and 'rripsacum of 
the region have not been completely sampled. 

Cutler and Anderson (11), in a survey ol the genus 
Tripsacum,did not find T.dactyhides south ol the United 
States-Mexican border. Fourteen years later, Randolph 
(82) stated twice that T. dactyloidcs has still not been 
reported south of the Mexican border and that this spe¬ 
cies therefore could not have been involved in the as¬ 
sumed recent hybridization with corn in Guatemala or 
neighboring areas. Apparently, he was not aware that 
Melhus (29) two years earlier had reported the occur¬ 
rence of this species in Guatemala. Mangelsdorf (unpub- 
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lished) has identified prehistorie Tripsaeiim, apparently 
T. dactijloidcs, from VA Diablo Cave, 'rainaulipas, Mex¬ 
ico and has found the same form ^rowin^ in the vicinity. 
A j^eneral ap|)raisal of the evidence |)ublished to date 

suggests tluit, of all forms tested, a *211 = .‘30 type of 7’. 

to produce a fertile. 


ddcfi/loidi 


the one most 



intermediate, backcross hvbrid ; this has virtually all the 
[)lant characters that would be ixapiircd. The main 


ob 


jection is that, in combination with corn varieties with 


been tested 


little short of 


be in 


T sufliciently interfertile. In 11)81), we ('iO) |)ointed 
out several additional characters which, at that time, 
seemed to make it unsuitable as a {)utative j)arent. Al- 
thou<Th most such characters now ha\ e been explained in 


accordance with the theory of hybrid origin (84), a form 
of'rripsaeum which meets the recjuirements better than 
those now known may yet be found in the future. 

It seems desirable to consider here the implications of 
the suggestion made bv ^Anderson (l),and now supported 

Faniuharson's experimental results (18), that the 


bv 


7’. dacttj/oidcs currently 


be in reality an allotetraploid. If the center of origin of 
'rrinsacum is in Mexico or (iuatemala, as both A\ cather- 


wax and Kandolph conclude, it wot 
pose that either 7\ dactyloidcs (*2n 

once occurred there. In this event, one of the parents 


8G) or its 



(•2[i 


T. dactidoidi 


the parents of tcosinte (47). However, we do not wish 
to base the case for the hybrid origin of teosinte on an¬ 
cestors still unknown or now extinct. Rather we would 
emphasize that tcosinte could be derived through the 
hybridization of existing forms. 

Tiik Im''fi:c'i's ok 'rioi’SAcrM Cii uo.mosomks and (Jknks 
In our first hybrids between corn and Tripsacum (*2G), 
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the only functional gametes of Fi plants were unreduced, 

•ossing to corn produced progenies 


ind 


repe 


ited backc 


which segregated lor ’in and ’in + l classes. The extra 
chromosome of the 2n + l plants no doubt was derived 
originally from Tripsacum, and the two genoms of both 
classes of plants were originally corn chromosomes. In 
pachytene and diakinesis of the *2n + l plants, the extra 
chromosome synapsed in low frequency with one of the 
I)airs of corn chromosomes, forming a trisome. In other 
|)lants where several Tripsacum chromosomes were pres¬ 
ent, weak synapsis occurred between additional corn and 
I'ripsacum chromosomes. Gcnctical results showed that 
an allele of .9//1, not completely dominant to .v/n of corn, 
was transferred from Tripsacum to corn chromosome 4. 
In vegetative characters, the 2n f 1 plants were so differ¬ 
ent from their *2n sibs that the two classes could usuallv 


be 


at a glance. T 


of a single 


ny 


both 


male and female.’ 

The work of Maguire (21, 22) confirmed the salient 
cytogenetical features reviewed above, excejit tliat in licr 
stocks one extra Tripsacum chromosome produced only 
a negligible effect on the corn phenotype and no reduc¬ 
tion in ear fertility. In light of the possibility that the 
forms of Tripsacum with 8() somatic chromosomes might 
actually be tetraploids, as Farquharson's (l.-l) work 
strongly indicates, the results obtained bj^ Maguire, and 
especially an interpretation placed on them by Randolph, 
are in need of review. 

Maguire's cytological material consisted of seven 
stocks, which she stated were possibly distinct in the 


Mn an earlier publication (*26), we attempted to estimate the num- 


5 present from the degree of pollen 


ber of I’ripsacum ch 
sterility. We have since become convinced from Maguire's studies, 
as well as our own, that this method has little, if any, value. 
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sense tliiit eiieli sloek nuiy have had a din’erenl ^I'ripsa- 
euin ehroinosonie. She (21) e\])Iained that it was iinpos- 
sil)le to determine liow many of the seven were really 
dillerent. Kandolph (tfi) stated positively that the stocks 
were trisomic for seven ditlerent 'rripsaenm chromo¬ 
somes. Maguire's resnlts justify her cautions statement 
that the seven stocks were She stated 

repeatetlly that her 'rripsaemn chromosomes number 4 
and 5 were \ ery similar to one another and that they re¬ 
sembled li-chromosomes, although the Tripsacuin parent 
had only 8b chromosomes and the corn parent had no 
H-chromosomes. In addition, her numbers 2, 0 and !> 
were similar to each other in si/e, morphology, behavior 
and ellect on pollen sterility. We venture the opinion 
that her seven stocks contained no more than four ditler- 


ent 


r 11 


|)ossibly 


\ final 


conclusion on this question must await better evidence; 
in the meantime, there is serious doubt that Tripsacuin 
contains seven difl'erent chromosomes, all without pheno- 
tyi)ic expression in the presence ot two corn genoins. 

In this connection, a brief review of unpublished ex¬ 
perimental results obtained by Keeves on a population 
of corn-Tripsaeum hybrids may be useful. During the 
season of 19,55, 45 hybrid ])lants of'kexas Inbred 2()8X 
diploid 'J'rlpsdcu/// dactifloidcs, backcrossecl three times 
to Inbred 208, were grown. Cytological examination 
was made on 17 of them taken at random, and each jilant 
examined contained one extra chromosome, sometimes 
with additional irregularities. None of the 45 plants de¬ 
hisced any pollen. Wdien anthers of each plant were dis¬ 
sected for pollen examination, no more than a dubious 
trace of starch was found in anv of the manv thousands 
of grains examined, and about 1>9 per cent of them were 


completely empty, 'riie g r e; 



number of seeds iiro- 


duced bv anv of' the 45 plants was 9S, and the average 




was 28. G, although each plant was pollinated several 


times 


Data taken on phenotypic characters of these BC 


3 


plants 


ealed several significant difFerenc 


bet^v 


population and Inbred 203, the only corn line 
entered the ancestry of the hybrids, but we sh 


of these 


ber of rows of alicoles. T 


character is not only one by 
cross differ, but it is also one 
distinsruishinff corn and Trios 


the parents of this 
: generic characters 
With all the nlants 


m 


the same day and given the same treatment. Inbred 203 
had a mean of G.48 rows of alicoles and the BC 3 hybrids 
a mean of 4.38. This difference was highly significant 
statistically, and the deviation of the hybrids from their 
corn parent was in the direction of Tripsacum. 


grown, and 


During the 1956 season, 290 offspring rt 
the fourth backcross to Inbred 203 were 
except for a few differences which will be pointed out, 
the results were essentially a repetiton of those obtained 
in 1955. The mean number of alicole rows for Inbred 
203 in 195G was 6.3G and that for the hybrids 4.15, and 
again the difference between the means was highly sig¬ 
nificant. Although 288 plants of this population of 290 
were completely pollen sterile and showed no greater 


ovule fertility than did the third backcross generation. 


two plants dehisced an abundance of pollen and produced 
approximately full ears of grains when selfed. The ear 
of one of these fertile plants had six rows of alicoles and 
that of the other seven rows, both numbers near the 
average of Inbred 203. It might be of incidental interest, 
however, to note that in certain other characters, such as 
number of tassel branches and height of upper ear node, 
one plant or the other was not within the observed range 
of variation of Inbred 203; and the deviation here again 
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was ill the direction of 'rripsacuin. Work on these hy¬ 
brids is still in jiro^ress, and more data will be needed to 
explain what is oeeurrinfx in them. lUit a tentati\ e eon- 
ehision is justified : that all of them up to and inelutlin;j^ 
the sixth backeross generation, with rare exceptions, had 
one extra Tripsacum chromosome and showed phenoty¬ 
pic effects of it. 

In'I’KUcmiancjk Hk'I’wki'.n Cohn and 'ruM'SAcr.M 

Cll KOM()St>.M KS 

AVuth respect tocrossinj^ over between corn and 'I'rip- 
sacum chromosomes, Maguires (21, 22) obseriations, 
confirming our own of 1931), showed clearly that some 
form of exchange had occurred. Maguire (22) concluded 
that the end of the long arm of a'rripsacum chromosome 
and the end of the short arm of corn chromosome 2 arc 
sufficiently homologous to allow apparently normal pair¬ 
ing, and that the terminal knob of the 'rripsacum chro¬ 
mosome was occasionally transferred to corn chromosome 
2 by some mechanism other than normal crossing over. 
Our earlier publication (2(>), which rciiortcd a gene ex¬ 
change in a similar hybrid at the .sv/i locus of corn accom- 
panied bj’ cytological evidence of crossing over, made no 
claim as to the frccpiency or the exact nature of such ex¬ 
changes. and our hypothesis of the hybrid origin of tco- 


sinte did not, and 



does not, recpiire a decision on 


these (piestions. According to this hyiaithesis, a single 
successful hybrid between corn and 'rripsacurn, followed 
by a few exchanges at such positions in the chromosomes 
as to rejilace certain blocks of corn genes with blocks of 
'rripsacurn genes, is all that is required. Vet Randolph 
(32) continues to be perturbed by the ap[)arent fact that 
the association between corn and 'l'ri|)sacum chromo¬ 
somes is not followed by the “cxpt'cted frccpiency of 
crossing o\ er. 
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l^abcock (2) found a relationship closely parallel to that 
between teosinte and its putative parents, corn and Trip- 
sacuni, in section Lvcridopsi^ of the genus Crcpis and drew 
a similar conclusion. The morphological and cytological 
e\ idence indicates that tins section is transitional from 
genus Crcpis to genus Lvcris, but its phylogenetic posi¬ 
tion hardly permitted its being considered an ancestral 
group from which Crcpis and Lvcris were derived. The 
somatic chromosome number of Lvcris alpicola and ol‘ 
section Ixcridopsis is 14, but no other group within the 
genus Crcpis has this number. Babcock considered it 
j)lausible that this section resulted from hybridization 


between Lvcris and C? 


a time when the present 


dev 


In another section. Puriniachos 


stud 


section had not been 
})ublication. 


ade at the time 


Babcock 


Relation ok Chromosome Knors ro 

G l)G K A PH IC 1) I S r R1 RUTK )N 

Reeves (33) reported a relationship between knob num¬ 
ber and proximity to Guatemala which was statistical!}" 
significant at the .05 level, when all of the 103 varieties 
studied were included in the analysis, and at the .01 
level, when all were included exce])t those from the An¬ 
dean reirion. This difference in levels of siirnificance in¬ 


dicated that the Andean region occupied some kind of 
special ])osition in the pattern; that, were it not for sam¬ 
ples from this region, the entire relationship would have 
been significant at the .01 level. Randolph agreed that 
a correlation was established, but he then questioned the 
value of the results. Although his objections are ambigu¬ 
ous, the inference is that the correlation observed might 
be merely one of knob number with low altitude, rather 
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than with proximity to Ciuatcmala. In rebuttal, it may 
be stated with certainty that none of the samples were 


because of the altitude 


f ■'I 


1 


hitrh average knob number for Guatemala is not seriously 
in error is shown by Ueeyes* comparison of his samples 
with those of Manjrelstlorf and Cameron (’iH), for which 
data on altitude were ^iven. Facts ])resented in the fol¬ 
lowing paragraph indicate that the relationship obseryed 
between knob number and ])roximity to Guatemala in 


samples 


try 


United St 


It is 


])ossible that some selectivity for low knob number did 


occur m 


the Andean region bee 


high altitude there, but it is especially noteworthy that 


the inclusion of the data for this region did not strengthen 
the observed relationsliip but rather weakened it. It is, 
therefore, reasonably clear that the samples were taken 
from altitudes at random and that altitude was not per 
sc res|)onsible for the relationsliip observed. This conclu¬ 
sion is, of course, based in part on the assumption that 
there is no {lositive relationshi|) between low altitude and 
proximity to (iuatemala. If such a relationship does 
exist, it is not detectable in relief maps, and, in fact, it 
almost certainly is non-existent. ^Vll of these facts are 
given, and some of them are strongly emphasized, in the 


literature cited on this tojiic 


R 


It is unfor- 


indolph overlooked these additional facts 


when he raised his objections. 

Longley ( 18 ), working with corn of the United States, 
showed that there exists a pronounced relationship be¬ 
tween knob number and proximity to the Mexican bor¬ 
der, ev’en when only the high altitude states of Montana, 
Idaho, Utah, Colorado, Arizona and New Mexico are 
taken into consideration. Or, if all of the states from 
which he took samples, regardless oi altitude, are con- 
siilcrcd, there is even then a relationship. Uongley rec- 
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ognizcd tlie relationship and mentioned it several times. 


AV 


(5 



stated without reservation: 


i 


average number of knobs in maize varieties decreases 
with the distance north or south I’rom Central America 
— that is, with distance from the area where contamina¬ 
tion with teosinte is most likelv to occur.*' So far as we 
are aware, Randolph is the only student of this problem 
who denies the existence of a real correlation between 
the number of knobs and proximity to the general re¬ 
gion of Guatemala. 

High knob number has been studied in relation to vield 


but this tonic will be 


publ 


\\ 


have never interpreted these correlations as 
(32) of recent admixtures of corn and Trinsa- 


cum. They are best explained 


but 


idespread over the hemisphere before 


inated in Guatemala. According to this assumption, the 
knob-bearing chromatin of teosinte diffused through 
corn in all directions, by hybridization, but the greatest 
concentration continues to be in the vicinity where teo¬ 
sinte oritrinated and still occurs. 


1 _ 


Chromosome Chauaciers of Corn 

AND ITS ReEATIVES 

A great body of literature ])ertaining to tlie chromo¬ 
somes of corn, teosinte and Tripsacum is in existence. 
Except for the significance of the number and position 
of knobs, this topic is relatively free from controversy, 
and the pertinent facts may be stated briefly. 

The normal diploid chromosome number of corn is 20, 
and no stable aberrant numbers are known, although 


some varieties have supernumerary chromosomes (R- 
chromosomes) which bcha\'e irregularly during meiosis 
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and arc not known to be the bearers oi'any sj)Ceitic <renes. 
Annual teosinte lias *20 ebromosonics, the same as corn, 
and perennial teosinte 40 ; some varieties of teosinte also 
have li-ebromosomes. The lowest somatic number vet 


reported i'or'rripsaeum is d(), but forms with 7*2 have long 
l)een known, and others with 45, 54, 00 and 108 have 
been reported by Fanpibarson (18). .Ml writers on the 
subp'ct have thus far continued to designate the 80- 
chromosome form ol 'I'ripsacum as tli|)loid, hut most ot 
them, in doing so, probably recognize the 



that it may he tetraploid. 

As to chromosome length and arm ratio, a majority 
ol thecorn varieties are essentially similar to one another 
and may he designated for cotn enience as “normal. * 
The normal type is described and diagramed by Klioades 
(80). Numerous aherrants are also known, some ot them 
resulting I'rom recent structural chaimes and others being 


of unknown origin. I n these characteristics, the chromo- 
somes of teosinte are usuallv similar to those ot corn, hut 
there arc conllicting rci)orts on this (picstion (8*2). Long- 
ley (*20) found that the synapsed pachytene homologues 
of an Fi corn-teosinte hybrid were not signiilcantlv dif- 
ferent from each other, and Kandolph (8*2) accepts Long- 
ley's results as justiheation for a final conclusion. How- 
ex'cr, Hrown ((►), working with hybrids of an entirelj" 
ditrerent plant, Cro.v.v/y/>//////, showed that paired pachy¬ 
tene chromosomes olditrerent genom groups are equal 
in length, despite diflerential size at metaphase, thus 
casting some doubt on the decisiveness of Longley's re¬ 
sults even before Randolph s paper was published. The 
chromosomes of ^rripsaeum arc so ditl’erent from those 
of corn or teosinte in size and arm ratio as to defy a brief 
comparison. In general, they are much shorter and show 
many diflerences in arm ratio. 

'Phe number of chromosome knobs \ aries in corn, teo- 



sinte and Tripsaciim accordinuf to species and strains, 
but neither average numbers nor exact ranges in num¬ 
bers for tile various groups liave yet been adequately de¬ 
termined. The most recent chromosome-knob count 


Lir attention for T. dactyloides ( 
riiis is greater tlian anv number 


reported for eorn or teosinte, and even if this form of 
Tripsaeum be regarded as tetraploid, its number of knobs 
per genom of nine chromosomes is greater than the aver¬ 
age of either corn or teosinte. As to corn and teosinte, 
perhapis the statement will stand without contradiction 
that, broadly speaking, corn has the lowest number and 
annual teosinte an intermediate number. 

As to position of knobs, those of T. dactyloides have 
a strong tendency to be terminal, but Ting (49) has 


obv 


form of Tripsaeum sor 
rv. Most of the knobs 


but a few are terminal; 


most 


position is sub-terminal, or at least closer to the end than 
to the centromere. Annual teosinte is again intermedi¬ 
ate; more of its knobs are terminal than in corn, but 
more are intercalary than in Tripsaeum dactyloides. 
Many varieties show ])ronounced differences in this 


character; according to Longley (17), the knobs of the 
Guatemalan varieties from I’rogresso, Moyuta, Nojoyo 
and San Antonio Huixta are mostly terminal, but those 
of the Mexican varieties from Durango and Chapingo are 
more often intercalarv, like those of corn. The interme- 
diate position occupied by teosinte, in both number and 
position of chromosome knobs, is one of the several char¬ 
acters which may be cx])lained by the view that teosinte 
is a hybrid combination of knobless, pure corn and a form 
of Tripsaeum similar to T. dactyloides with many knobs. 

No objection to the view that teosinte occupies an in¬ 
termediate position in these respeets lias eome to our 
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attention, and A\"eatlierwax (51) accepts it as a fact. 
Randolph (.‘il, o’i) docs point out that T. nuiizar and T. 
austrdlc arc knoblcss or nearlv so, and since he assumes 
tliat tlicse arc tlie only diploid 'rripsacums native to Mex¬ 
ico and (Juatemala, he concludes that any species of 
'rripsacum which might have hybridized with corn to 
})roduce teosinte must have been a knobless i’orm. Hut 
it has already been explained that there are reasons for 
the opinion that T. dacf/f/oidcs, or |)ossibly one of its 
parents, was present in or near (Guatemala in ])rehistoric 
times. 

An objection has been raised (?n) that the hybrid origin 
of teosinte re(|uires its chromosomes to be intermediate 
between those of its putative parents in length and num¬ 
ber. 'riiis objection is not valid. W hat should be expected 
does occur: the chromosomes of teosinte are similar in 
length and number to those of its hypothetical recurrent 
parent, corn. It is also important to note that Maguire's 
(•Jl, *2*2) reports ol' exchanges between corn and 'Pripsa- 
curn chromosomes tlo not indicate that length and num¬ 
ber of chromosomes were affected. 

Objections to the hypothesis of the hybrid origin of 
teosinte have been made (dl, 8*2) on tbe additional 
grounds that the chromosomes of teosinte are “so simi¬ 
lar to those of corn and so dissimilar to those of Trip- 
sacum that it seems highly im|)robable an exchange of 
segments could have occurred on a sufliciently extensive 


scale to account for the* hybrid origin oi‘ teosinte . . . 


^ • 


d'he discussion immediately preceding the section which 
is here (piotcd shows that the writer was referring to sim¬ 
ilarities and dissimilarities in Icmith aiul arm ratio. Hut 


there is no known reason why such differences should 
prevent the exchange of segments. It is well known, for 
example, that in heterozygous translocation stocks of 
corn, chromosomes differing widely in length and arm 


ratio do synapse and exeliange segments. 'Fhe fact tliat 
corn and I'ripsaciim can be hybridized betokens some 
measure of liomolog\^ between their chromosomes; and 
if this homology does exist, differences in length and arm 
ratio need not prevent the exchange of segments. Just 
how extensive this exchange should be to meet the re¬ 
quirements of the hypothesis of the hybrid origin of teo- 
sinte is impossible to estimate. But, if the rate were ex¬ 
tensive, in the sense of being unrestricted or only slightly 
restricted, we should expect corn and Tripsacum to have 
merged into one continuous though highly variable 
group, with little or no barrier separating the parental 
species from each other or from their hybrids. 


1 


Weathcrwax (o3) states that polyernbryony, apomixis 
d chromosomal variation in Tripsacam, as reported by 
Lrouharson, serve to increase the coubt that a corn- 


rrinsacum cross could have iziven rise to the “stable 


relativ'elv 


Such 


ion needs some expansion in order to be convincing, for 
W’^eatherwax makes no attempt to point out whether or 
not it is based on any cytological or genetical principle. 
In its ])resent form, this o{)inion is another non sequitn?' 
requiring no further discussion here. 


JhiK Tuaxsfkr ok Ci!ko.mosomk Knobs from 

'rUIPSACFM TO TeoSIN'I’F AND CoKN 

Extensive objections (.‘Jl, 32) have been raised to our 
view that chromosome knobs have been transferred from 
Tri])sacum through teosinte to corn, on the grounds that 
the knobs are mostly terminal in Trip‘acum but mostly 
intercalary in corn, and that such a tran >fer would require 
chromosomal rearrangements, for wh ch there is little 
evidence. 

We have stated at least twice (’it), 3G) that if it were 
explained how corn, monophyletic as it is sometimes 
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fliiiiiKHl to be, lias eoine to liave diUerent numbers ol‘ 
knob positions without extensive ebroinosoinal rearranjre- 
inents, |)erhaps a t’raetion ol’ tlie problem oi‘ the ori<?in of 
eorn would be solved. Hut there is as vet no ex])lanation. 
Lonj^ley (lib *20) interpreted bis data as supporting the 
hypothesis ol' a series of inherited gradients. However, 
this hypothesis has been diseredited hv Mangelsdorf and 
Cameron (‘i.*}) and by Uboades (41) in several ways. 
Uboades points out. for example, that the interpretation 
is without experimental evidenee and is contradietory to 
the often observed taet that when a knob is shifted by 
rearrangement from one position to another its appear¬ 
ance does not change. Handolph (J}*2) contributes a single 
sentence which constitutes his most positive explanation : 

'I'he present status of the problem concerning ilirterences with respect 


to the prevalence of terminal aiul intercalary chromosome knobs in 
corn, teosinte and rri[)saciim forces one to the conclusion that gene 
mutation rather than hybridization accompanied by structural chromo¬ 
somal alterations has |)roduced tliese fundamental differences in chro¬ 
mosome morpholog}’. 


He then states that his conclusion is similar to that of 
Longley (ID) but does not sulhciently e.xpand his idea to 
make it clear and corn incing. So far as his exiilanation 


goes, it is verv well in agreement witli the theory that 


teosinte is a hybrid; it simjily means that teosinte is in¬ 
termediate between corn and 'rripsacum for genes con¬ 
trolling number and ])osition of cliromosome knobs. Hut 
HandolplTs explanation seems to meet with the same 
dilliculties that Rhoades pointed out with respect to 
Lonirlevs. 


Randolph's (o*2) i'avorable attitude towards the view 
that modern corn is a com])osite of several wild species 
of Zed might have been intended as a possible explana¬ 
tion of the various knob numbers and positions now 
known. Hut e\en so, it contributes nothing towards a 




solution to the ])robIem, Tor, according to the theory oT 
common ancestry, all corn, as well m teosinte and I'rip- 
saeurn, is traceable eventually to a single ancestor, even 
though the line of descent might ]),iss through one or 
more intermediate ancestral forms, l^omewhere in such 
a line of descent there must hav e arisen many changes 
in number and position of knobs. Vet Randolph insists 
that, according to the tripartite theory, structural re¬ 
arrangements would be required to account for the dif¬ 
ferent knob positions, without recog^nizing that they 
would be required equally by the theory of common 

ancestrv. 

A few literature reports will now le mentioned indi¬ 
cating that some varieties of corn :!ontain structural 
chromosomal differences not usually recognized. Rhoades 
and Dempsey (42), working on 90 exotic races of corn, 
did not find indications of large structural differences 
among races when pollen abortion was used as the index, 
but they did find significant difference? in the amount of 
crossing ov^er in hetcrozygotes involving diverse races. 
Ono and Suzuki (30) found six different karyotypes in 11 
corn accessions out of 69 from Nepa , the karyotypes 
differing in total length or in arm ratio, or both, in cer¬ 
tain chromosomes. Rlanco (5) reported various structural 
abnormalities in corn, following self ferl ilization and sub¬ 
sequent crossing. Clark (9) recognized six translocations 
and two inversions occurring naturally among the entries 
in corn-yield tests at the Connecticut Agricultural Ex¬ 
periment Station in a single season. 

No final conclusion has been reached, except by Ran¬ 
dolph (32), that abnormal chrornosoms 10 is anything 
other than the result of a simple attachment of a natural 
end of chromosome 10 to a fragment of another chromo¬ 
some. Such an attachment to a terminal knob would 
change the position of the knob from terminal to inter- 
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ciilury and may serve to illustrate a |)Ossil)le mechanism 
l)V wliieh some ol* tlie knobs which were once terminal 
became subterminal. 

Abnormal chromosome lOditlers from normal chromo¬ 
some 10 in the greater length of its long arm and in the 
greater proportion ol' heteropycnotic chromatin in its dis¬ 
tal segmejit. Longk\v (17) reported this type ot‘ chromo¬ 
some in corn and Chapingo teosinte and gave two possi¬ 
bilities as to its origin: 

The orifT^in of the imich-knohbed, types of ehroniosoine X ini^lit 

be the result of the addition of a fraj^iiient marked by both a terminal 
and an internal knob, or the picture mij^ht be reversed by eonsitlerin*^ 
that the normal short tyjies have resulted from the loss of a terminal 
|)ortion of the lon^ arm of the lonjx types. 


'I'here can be no doubt as to the meaning Longley in¬ 
tended to convey — that one of the two possibilities was 
the simple addition of a fragment. Lofigley (18) contin¬ 
ued to refer to this type in corn as ha\ ing “an additional 
piece on the end of the long arm,” without revising his 


be noted that Longley s 


origitial explanation. It ma\’ 
interpretation of the origin of this chromosome was given 


in ll>87. Hve 3’ears after Burnham's (7) discovery that a 
certain translocation [)rcviously re])ortcd as simple was 
in reality reciprocal, and three years after Sharp (dl) had 
slated that Burnham's discovery “naturally raises a(jiies- 
tion regarding other supposed simj)le translocations. ' in 
other words, Longley s suggestion that abnormal chro¬ 
mosome 10 might be the result of the simple addition of 
a fragment naturallv leads to the inference that he was 
aware of the witlespread beliel'that broken ends are incap¬ 
able of attachin<i themselves to natural ends, but that he 


regarded this case as an exce])tion to the rule. Randolph 
himself recently (Ml, 3*J) contributed what might be re¬ 
garded as two dillerent views on the (piestion. In the first 
paper cited, he states that normal ends “ordinarily” do 




not fuse with broken ends; but, in the second paper, 
published after Reeves (3(0 bad made use of Longlej^'s 
interpretation as a possible illustration of bow terminal 
knobs might become intercalary, be states: . . it is a 

well-known fact that chromosome fusion occurs only be¬ 
tween recently broken ends . . And referring to the 
additional chromatin in abnormal chromosome 10, be 
states: “It is a segment that has replaced the terminal 
one-sixth of the long arm of chromosome 10, as Rhoades 

(40) has clearly shown.** 

The facts are that Rhoades (38, 40) discussed the ques¬ 
tion of the origin of abnormal chromosome 10 and later 

(41) referred to it again, without stating a conclusion. 
He did point out that a short terminal region of abnormal 
chromosome 10 has achromomere pattern differing from 
that of the corresponding region of normal 10, and that 
crossing over is reduced in this region, 'rids might indi¬ 
cate that abnormal 10 originated by the replacement of 
a short terminal segment with a much longer non- 
homologous segment. Rut he pointed out that this ex¬ 
planation would require plants homozygous for abnormal 
chromosome 10 to be homozygous deficient for certain 
loci found in the terminal region of normal chromosome 
10 . Th is is unlikely, because plants homozygous for ab¬ 
normal chromosome 10 are not noticeably different in 
phenotype from their sibs carrying only the normal 
chromosome 10. 

Recently, Ting (48) reported cj’^tological evidence in¬ 
dicating that an abnormal chromosome 10 did originate 
by simple translocation. A fragment, containing a cen¬ 
tromere. of a B-chromosome became attached to the 
natural end of the long arm of chromosome 10. 

In the absence of a completely satisfactory explana¬ 
tion, however, it may be said that the tripartite theory 
accounts for the fact that the number of knobs in teosinte 
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is intermediate between tlie numbers in corn and 'Prij)- 
sacum better than does the tlieoiw ol'common ancestry. 
It accounts much better tor the apparent lact tliat teo- 
sinte is intermediate between corn and 'rri{)sacum, at 
least in a broad sense, in T)Osition ot the knobs. 


'PkOSIN'I'K IXTK.RMKDlA'rK IX Pl.AXI' ChaUAI'I'KUS 

One important category of circumstantial c\ idcnce I'or 
tlie liybritl origin of teosinte shows that tcosinte has few 
if any plant characters of its own : it is either intermedi¬ 
ate between corn and Tripsacum or similar to one or the 
other in essentially all of its characters. ’^I'lie significance 
of this fact has been almost completely overlooked. 
Kandolpli (.*12) makes a fleeting relerence to it, l)ut states 
merel 3 "that the “very stable cA'tological features,** which 
are discussed on previous j)ages of the jiresent |)a|)er, are 
more important. 

^riiirty-two ciiaracters, in addition to those of chromo¬ 
some morphology, whicli usually distinguish corn from 
'rripsacum, were listed by Mangelsdorf and Reeves (20). 

Reeves later (.‘k’)) studied 23 characters, two of which 

0 

were repetitions of the 32 previously’ studied. In the 53 
characters thus examined, teosinte is cither intermediate 
between corn and ^rripsacum or \ cr\’ similar to one of 
them, with two doubtful exceptions. I'eosinte was actu- 
allv intermediate in one of tlie characters designated as 


but the (lit 


exceptional — frecpiency" of large leaf hairs— 
ferences between corn, tcosinte and Tripsacum were not 
statistically significant, and this character, therefore, 
does not constitute a true exce|)tion. In the other ex¬ 
ceptional character—depth of alveolus ot the rachis- 
^rri|)sacum appeared to be intermediate between corn and 
teosinte, teosinte having the deepest alveolus of the three. 
It was recogni/ed that tor eight of these characters, the 
plant sami)les were too small for completely de])endable 
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but 


be t'ullv iustitied 


hybrid 


sinte as against one wliich apparently does not. T 


gle exception—depth of alveolus 


t be acc( 
ble bein 


interaction. 


Mangelsdorf and lleevcs (*20) stated that neitlier 7 


dactijloidcs nor Andean corn was known to have the freely- 
branching tassel of teosinte and that, in this character, 
therefore, they would fall short of being satisfactory 
putative parents of teosinte. Since that time, however. 
Reeves (»34) has pointed out that the tassels of some vari¬ 
eties of Andean corn are very profusely branched. Hence, 
T. dactyloidcs is not ruled out because it lacks a freely- 
branching tassel. It should be emphasized that the list 
of characters studied (*20, 35) includes those of the floral 
organs and inflorescences, which are conventionally rec¬ 
ognized in this alliance as generic characters. 

This intermediate position of teosinte is a peculiar con¬ 
dition which has not been explained, and which appar¬ 
ently cannot be explained, by divergent evolution of the 
three taxa from a common ancestor. If the relationship 
held true for only one or very few characters, it might 
be dismissed as being of no importance; since it holds 
for a large number of them, it strongly suggests that 
teosinte actually inherited its characters from corn and 


Tripsacum. 


Evidence froim Fossil 
AND Archaeological Maizk 


The evidence from both fossil and archaeological re¬ 
mains is best explained by the theory of a hybrid origin 
of teosinte, for it suggests that teosinte appeared on the 
scene more recently than either corn or I'ripsacum and 
only after agriculture had become well established. 





Hiirghoorn ct a! (4) identified 



[)ollen grains of 
tlrill eores taken 


at a depth of more tlian 01) meters below the present site 
of iMexieo City. Pollen grains thought to be those of 
teosinte were found also but only at levels above .‘CG 
meters' whieh were probably laid down after agrieulture 
had beeorne established in the X'alley of iMexieo. Parg- 
hoorn ct al also point out that teosinte pollen is interme¬ 
diate between eorn and 'rripsaeum pollen, not only in its 


but 


d 


that this intermediate value is well in harmony with the 
postulated hybrid origin of teosinte. 

Virtually all ol’ the arehaeologieal eorn so far studied 




be 


been 


Mangelsdorf and 


no evidenee of teosifite introgression in the lower levels 
of Hat Cave, although sueh introgression was eonspieu- 
ous in the upper four levels. Cutler's (10) deseriptions 
and illustrations of prehistorie speeimens from Tularosa 
Cave show that the typieal corn from the lower pre¬ 
pottery levels is non-tri|)saeoid, while some of the speci¬ 
mens from the higher levels are strongly tripsaeoid. 

'Phe prehistorie corn from the lower levels of La Perra 
Cave in Mexico (2.5) had predominantly non-tripsaeoid 
glumes, while that from the uppermost level had a high 


umes 


T 


most 


proportion of cobs with tripsaeoid g 
tripsaeoid cob in the entire collection occurred in the 

highest level. 

Mangelsdorf and Lister (24) reported that tripsaeoid 


cobs occur in the upper levels of Swallow Cave in north- 

‘ VVeatherwax (38) is clearly in error in stating^ that teosinte pollen 
was found at (le|)ths of more than 130 feet. Randolph, the joint author 
of the same cha|)ter, correctly states that no teosinte pollen was found 
at levels below 8.6 meters. 
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western M exico and are found in three other caves — 
Slab, Tail and 011a—in the State of Chihuahua. Non- 
tripsaeoid maize resembling a Mexican race, Chapalote, 
was found in the lower levels of Swallow Cave. 

Cialinat cl al (IC) found tripsacoid cobs to be (jiiite 
common among the prehistoric specimens from Richards 
Cave and Tonto Cave in Arizona. Both sites are rejiarded 
as relatively late. Galinat (unpublislied) ibund also that 
the early maize from CeboHita Cave in New Mexico is 
not trijisacoid, while later maize includes many specimens 
showing teosinte introgression. 

The six studies on archaeological maize reviewed above, 
only one of which was known to Weatherwax and Ran¬ 


dolph, as well as the data on 



pollen, sujiport the 


theory that teosinte, because it is a hybrid of Tripsacum 
and cultivated maize, came into existence only after the 
cultivation of maize was well established. 


Taxonomic Si'a'I'cs of Teosintf 


W 


Zea was nublished 


believe, that our previous conclusion as to the origin of 
teosinte did not influence our conviction that the grou})s 
should be made congeneric—that the transfer was justi¬ 
fied reizardless of the manner of the oricrin of teosinte or 


corn. Weatherwax (5*2, 58) and Randolph (81, 8*2) have 
overlooked or ignored these statements and have rej^eat- 
edly confused the taxonomic change with the issue of the 
origin of teosinte. If we could agree with their theory 
that corn and teosinte originated by divergent evolution, 
our conviction that the two groups ought to be regarded 
as congeneric would not be weakened in the least. 

Randolph himself (3*2) recognizes that hybrid inter¬ 
grades between corn and teosinte do occur naturally and 
describes the intergradation as occurring in the verv same 
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clijiracters wliich lie contends are stable and of j^cneric 


value. He 


tlieir cvtoirenelical rcla- 


tionsliips really aiiproacli those of a sinj^le species. He 


reaches the 


conflict in 


the 


characters hv which corn and teosinte differ are <rcneric; 
hut that teosinte is maintaining its identity as a ‘Vood 


. • H is slateincnt that corn anil teosinte are more 
distinct entities than manv other genera of the grass 



family is vague, and he oilers no examples oi'such gen¬ 
era. Numerous examples are on record of separate genera 
comprising certain species which are scarcely distinct. 
'Po mention ordv one such case: Fisher, Ihishaw and 


Holt (15) found Pcjuiisctum ciiuirc (L.) Link and Ccnch- 
rus set'igcrus \"ahl. to he nearly or ipiitc insejiarahle hy 
either morphological or cytological characters and sug¬ 


gested that the forms 


com pi 



hut hv no means did thev indicate satisfaction 


with the present taxonomic status of this group. It may 
he safely stated that plant taxonomists generally are dis¬ 
satisfied with the classification of such groups. 


rhe 


been ofTered 


ing complexes is tluit they hax e not been worked out. 

\"arious degrees of approval of the consolidation of 
Zca and Euchlacna have been brought to our attention, 
althoimh we have not canvassed the literature for ex- 
amples of this. Sharp (4.5) reviews the salient facts and 
states: “This indicates a degree of cytological and gc- 
netical similarity unusually high lor plants assigned to 


(Kuchlat 


genera. * Stehhins (47) refers to teosinte as Za'ci 
na) incaicana, and Celarier (S) takes a strong 
position that the transfer is justified. Uollins ( IJl), alter 
reviewing the evidence relative to this problem, states 
that the two groups are congeneric and that Reeves and 
iMangelsdorf have rightly transferred KuchUicnd to Zca. 
Darlington (1-) goes even further and insists that Zca 
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and pjUchldCJKi ought to be made eonspeeifie, an idea 
wliieli we had earlier (87) eonsidered but rejeeted, giving 
our reasons for doing so. Darlington does not seem to 
be aware of our publieation. Sinnott, 13unn, and Dob- 
/hansky (4(5) refer to annual teosinte as Zca intwicaud 
without reservation. In view of the above faets, A\"eatli- 
erwax's (58) statement that our “proposal has met with 
little favor" is somewhat erroneous to say the least. 

The aetual issue involved is whether or not natural re¬ 
lationships as indicated by cytogenetical behavior and 
gene exchange without the use of artificial technic|ues are 
to be recognized in taxonomic treatments. If they are 
to be recognized, there can be no doubt that the consoli¬ 
dation of Xcrt and Kuchldcvd is justified. 


Su.MMAin 


The circumstantial evidence that teosinte originated 
as a hybrid between corn and Tripsacum is substantially 
stronger now than in 1P81), when the idea was first pro¬ 
posed, for the following reasons: Not only has the cross 
between corn and Tripsacum been successfully repeated, 
but it has been made without special techniques. The 


species of Tripsacum 


ddctyloidcs) which has come 
‘ssion with corn under exncri- 


mental control has been reported in Guatemala, where 
teosinte is believed to have originated and where corn is 
known to have been abundant since ancient times. There 
is increasing evidence, also, that T. ddctyloidcs or forms 
similar to it, previousl}" were more common in the area 
than they are now. 


T 


have been demonstrated to have a 


effect in corn-T 


hybrids, a natural 


doubted by 


students 


problem, 'fhe first rejiort ol'crossing over betw 


881 


com and Tripsaciini cliroinosonies, when associateil in 
the same nucleus, lias been confirmed. 

\\dth lew exceptions, annual teosintc, the sjiecies most 
comparable to modern corn, proves to be intermediate 
between corn and 'rripsacum in number and position of 
cliromosome knobs. 

It lias become increasintrlv clear that a correlation 



in corn varieties between iVccpiencv of chromo¬ 
some knobs and proximity of' their native locality to 
Cuatemala and southern Mexico. As corn and teosintc 
hybridize naturally, this correlation constitutes further 
circumstantial e\’idence on the jiliylogcnetic relationshij) 
between corn and teosintc. It is explicable on the as¬ 
sumption that pure corn without knobs was already wide¬ 
spread over the American contincmt when teosintc orig¬ 
inated. Later corn aiul teosintc bc<ran hvbriilizing, and. 


in fact, are still doing so; in this wav, a slow “difliision" 

y c % 


itli knob-be 


in 


been 




knob fre(iuency throughout 


been 


'File hypothesis of the hybrid origin of‘ teosintc has 
been vigorously challenged on the grounds that many of 
the chromosome knobs of corn are intercalarv, whereas 
those of 'I'ripsacum arc terminal, and that changes in 
knob positions would reiiuirc structural chromosomal re¬ 
arrangements which jirobably have not occurred. Struc¬ 
tural rearrangements not pre\iously recognized have 
been demonstrated since however, and some forms 

of'rripsacum actually have been shown to possess a few 
internal knobs. In any event, our statement of still 
stands: that the thcorv of common ancestrv is confronted 
with this same problem as to the origin of the different 
knob positions. 


Considerable cx idence from archaeology and palco- 



botany pertinent to the relati\ e ages of corn, teosinte 
and Tripsacuin indicate that teosinte is of recent origin. 


1 


be 



the theory that teosinte 


hybrid between corn and Tripsacum 


It should be em 


that all the 


discussed 


above are not merely in agreement with the theory of the 
hybrid origin of teosinte, but also that they are explained 
by this theory. The odds are extremely low that a the¬ 
ory can explain so many facts, drawn from so many 
sources, without being somewhat of an approximation 
of the truth. Although other current theories are not 
completely disproved, they do not explain so many of 
the facts. 

The question of whether or not teosinte should be re¬ 
garded as generically distinct from corn is not a part of 
the [)roblem of the origin of corn or teosinte. The known 
facts indicate, however, that the relationship conforms 
best to that of congeneric species. 
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